Childhood overweight (body mass index (BMI)490th centile) poses a major public health problem in so far as adult diseases manifest themselves already during childhood. In this review, after examining the prevalence of metabolic and cardiovascular diseases, the issue of whether BMI or other clinical parameters are valid tools to predict co-morbidities in children is discussed. Data of 2001-2008 are reviewed, including several studies conducted on more than 260 000 overweight and obese children in Germany and Switzerland. Apart from non-metabolic co-morbidities, namely musculoskeletal complications and attention deficit/hyperactivity disorders in up to 74% and up to 58% of overweight children, respectively, at least one cardiovascular and metabolic risk factor was seen in 52% of the overweight children, mostly high blood pressure (35%) with increased left ventricular mass or arterial stiffness. Signs of fatty liver disease or dyslipidemia were found in up to 29 and 32% of the children, respectively. Type 2 diabetes was found in less than 0.7% of the children, and an elevated fasting glucose or glucose intolerance in 3%. Irrespective of BMI, the quality of fat and protein intake predicted hypertension or insulin resistance, and fructose predicted lower (and more atherogenic) particle size of low-density lipoprotein-cholesterol. Out of the adiposity markers, waist circumference was closely correlated with insulin resistance and the components of the metabolic syndrome. In conclusion, risk factors are found in more than half of the overweight children, most frequently high blood pressure or dyslipidemia, and were mainly related to waist circumference, but also to BMI and fat mass. Even in the presence of normal BMI, screening for cardiovascular risk factors is advocated in each child with elevated waist circumference, but its cut-off points still remain to be validated. The increased occurrence of orthopedic and psychiatric complaints may detrimentally influence health-related lifestyle and obesity therapy.
Introduction
The worldwide obesity epidemic and the ensuing comorbidities not only threaten individual health and longevity, 1 but also burden insurances and public budget. 2 In the past decades, the sharpest rise in obesity prevalence as defined by body mass index (BMI) has affected children and adolescents in developed countries, though levelling off has been recently reported in some European countries, 3 namely, in Switzerland. 4 This has been hypothetically explained by the effects of school-based obesity prevention programs, although in randomized controlled studies, such prevention measures did fail to reach the target group and to decrease obesity. 5 In this context, several issues have to be addressed:
Is BMI a valid tool to predict obesity and related comorbidities in children and adolescents? To what extent are overweight children already affected by chronic metabolic and cardiovascular diseases? How is early diagnosis of risk factors or diseases made within an epidemic setting?
These points will be examined under the scope of the Central European data because public health measures for children to prevent chronic weight-related diseases have been established in several European countries, as proposed by the European Commission for Health. Furthermore, obesity-related diseases may depend on the ethnic or genetic background and studies in European children yielded diverging results from those in US youth (reviewed in l'Allemand et al. 6, 9 or in Switzerland.
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Assessment of pediatric adiposity
Age-and gender-related charts of BMI are used to define childhood obesity, by international and population-specific references. [16] [17] [18] BMI is a screening tool to assess increased fat mass and health risks in adults. In the past years, it became more and more clear that BMI in the growing child is inappropriate to reflect the changes in body composition, because body fat mass did dramatically increase among children with normal BMI in the last 30 years. 19 In addition, owing to the increasing variability of body development during pubertal age, epidemiological evaluation of study cohorts is not easy 20 and the optimal measure to assess the effects of interventions has not yet been determined. 21 Therefore, it has to be examined whether the so-called stabilization of obesity prevalence is due to a reduction in muscle mass and increase of fat mass within a stable or even decreasing BMI in the observed population. On the other hand, about 10-25% of obese individuals are considered to be metabolically healthy. 22 Future studies have to examine BMI and other measures for their validity to predict diseases on the one hand and to reflect the success of therapy during childhood and adolescence. In Switzerland, so far, three parameters to define obesity have been adopted, namely BMI, waist circumference or fat mass more than 2 standard deviations above the mean.
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Prevalence of cardiovascular and metabolic risk factors in overweight children and adolescents
Half of the overweight and obese Central European children studied did show adverse cardiovascular risk factors before or at onset of puberty, at a mean age of 12.6±2.8 years. 6 Another important observation was the clustering of two or more cardiovascular risk factors (Table 1) , occurring in 10.5% of the total group, being closely associated with the degree of excess weight. Hence, with progressive degree of adiposity, cardiovascular risk does not increase linearly, but rather exponentially, exposing even young extremely obese children to metabolic and cardiovascular diseases. 6 The present review does not include the main nonmetabolic co-morbidities of childhood obesity, namely musculoskeletal complications, in 21-74% 23, 24 of overweight children and attention deficit/hyperactivity disorders in 20-58% 25, 26 in outpatient and hospital settings, respectively. Psychological alterations, for example, impulsivity, or physical disability may be the cause or consequence of obesity, and each contributes to perpetuate excess weight gain. 26, 27 Therefore, a multi-professional approach including physical activity and psychological support is indispensable to treat pediatric obesity, and improvement in the condition has been demonstrated after such interventions.
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The most prevalent cardiovascular risk factor in a study on 268 000 European overweight children was elevated blood pressure in 35.4%. Increased casual blood pressure is mainly correlated with the degree of overweight, but not with gender, age or pubertal stage. 6 However, in prepubertal children, casual measurement missed the diagnosis of arterial hypertension in 55% of cases, compared with 24-h blood pressure measurement. Moreover, the prevalence of left ventricular hypertrophy was significantly elevated in 36% of obese 9-year-old children. 12 Arterial stiffness was significantly increased in obese children, but not intimamedia thickness, 10 because such signs of endothelial remodelling may occur only later in obese adolescents. 29 First signs of vascular disease, such as impaired endothelial and smooth muscle cell functions of the brachial artery, were already observed in prepubertal overweight Swiss children. Parameters of vascular elasticity (flow-mediated dilatation and incremental elastic modulus (Einc)) and systolic and diastolic blood pressure were inversely inter-related (r ¼ À0.26 to À0.38, Po0.05) and correlated (r FMD ¼ À0.52, r Einc ¼ 0.28, r Diast.BP ¼ 0.28, Po0.012) with BMI and fat mass. 10 Also, in another study, casual systolic blood pressure was elevated in 40% of 79 Swiss children, 5-14 years old, and correlated with BMI, % fat mass (by skin folds) and waist-to hip ratio. 13 
Lipid metabolism
One or more lipid concentrations were abnormal in 32% of overweight children, total cholesterol in 14.1%, low-density lipoprotein (LDL)-cholesterol in 15.8%, high-density lipoprotein-cholesterol in 11.1% and triglycerides in 14.3%. 6 In more detailed analyses, decreased high-density lipoprotein- Clinical diagnosis of metabolic and cardiovascular risks D l'Allemand-Jander cholesterol was most closely associated with the degree of overweight, odds ratio 6.2 of extreme overweight compared with controls, and also with puberty or male gender, most probably caused by increasing androgens or reduced physical activity. Elevated triglyceride levels were also predicted by excess weight. LDL-cholesterol levels, however, were not significantly correlated with the degree of overweight, but slightly decreased by puberty, which was explained by the increase in estradiol concentrations both with puberty and adiposity. Elevated triglycerides and total cholesterol significantly predicted any disturbance of carbohydrate metabolism or increased blood pressure. In this context, it has to be emphasized that LDL-hypercholesterolemia, in synergism with elevated systolic blood pressure, is associated with a significant increase in carotid intima-media thickness as a subclinical sign of early atherosclerosis already in children. 30 In addition, premature cardiovascular events in adults are dependent on obesity in youth, independent of childhood cholesterol and blood-pressure levels, in both Pima Indian and European populations.
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Carbohydrate metabolism and metabolic syndrome Diabetes, as assessed from fasting glucose, occurs only rarely (0.5-0.7%) in European overweight youths, in contrast to US-American overweight adolescents (1-4%). 32, 33 Since twothirds of adolescents with type 2 diabetes would have been missed if only fasting glucose had been measured, 34 in
Europe, oral glucose tolerance testing is advocated in overweight adolescents if family history or signs are predictive for type 2 diabetes. 35, 36 Carbohydrate metabolism was disturbed in 3.3%, comprising impaired fasting glucose, impaired glucose tolerance and suspected diabetes. There is a clustering between risk factors also in children, namely abdominal obesity and arterial hypertension in relationship with elevated triglyceride levels and abnormalities of carbohydrate metabolism, both probably caused by insulin resistance. The risk for type 2 diabetes and metabolic syndrome increases after puberty. The validity to describe the entity of a metabolic syndrome, however, is in debate, because it is necessary to considerFand to treatFeach risk factor separately. Among Pima Indian youths, 5-19 years of age, obesity and slightly elevated 2-h glucose levels were associated with a rate of death in young adulthood and middle age that was about twice that of peers without diabetes. 37 Non-alcoholic fatty liver disease (NAFLD) The broad term NAFLD encompasses histological changes analogous to alcoholic liver disease and represents a spectrum of liver disease ranging from bland steatosis to non-alcoholic steatohepatitis (NASH), which is a progressive form of liver disease with histological signs of more than 5% of hepatocytes containing fat, degenerative changes and fibrosis. 38 In practice, NAFLD is suspected in the presence of liver steatosis assessed by ultrasound or when liver enzymes are elevated more than 1.5-fold, namely ALT/GPT more than AST/GOT. Overall NAFLD was present in 11-29.3% of central European overweight children, but still might be underdiagnosed. 39, 40 In multiple regression analyses, NAFLD was significantly associated with male gender, BMI-standard deviation score, waist circumference, triglyceride levels, fasting glucose and insulin. Multidisciplinary lifestyle intervention was effective in improving NAFLD even in the 1-year follow-up after the end of intervention. A minimal reduction in overweight already led to an improvement in NAFLD. 41 Association between quality of food components or lifestyle and co-morbidities
Irrespective of the excess of weight, food components may affect co-morbidities. Total fat, saturated fat and monounsaturated fat intakes were significant predictors of systolic BP (b ¼ 0.25, 0.24 and 0.23, respectively, Po0.05), independent of BMI-standard deviation score. 14 Total energy, fat, saturated fat and protein intakes were significant predictors of fasting insulin and QUICKI. 13 Overweight children consume more fructose from sweets and sweetened drinks than normal-weight children. Decreased LDL particle size was predicted by higher fructose intake or waist/hip ratio (r ¼ À0.44; Po0.001). 42 Protein and meat intake significantly predicted BMI-standard deviation score after controlling for age, gender and total energy. 15 The impact of food components on development of weight-related diseases in children has to be further examined in longitudinal studies. Time spent watching television and time spent in organized sports activity were significantly correlated with BMI-standard deviation score. The educational level of mothers of overweight children was significantly lower than that of mothers of normal-weight children. 15 In line with this, it was demonstrated that increase in physical activity can improve cardiovascular risk factors in prepubertal children.
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Validity of adiposity surrogate markers to screen for health risks
Studies in North American and Australian children and adolescents [43] [44] [45] did show that BMI reference charts are useful to predict a metabolic risk, but this was questioned in European children. 46 Waist circumference, however, is easy to measure and is not only associated with insulin resistance in American and Chinese children, [47] [48] [49] but also predicts coronary events in adults of different ethnic origins. 50 Most of the components of the metabolic syndrome, as described above, are closely correlated with waist circumference, also in Swiss children. It should be assessed in future studies whether in growing children the use of cut-offs, namely agedependent percentiles of either waist circumference 51, 52 or a fixed waist-to-height ratio, 53 is a practicable method to identify children at risk of co-morbidities at an early stage. In our study, waist circumference was a better predictor for
Clinical diagnosis of metabolic and cardiovascular risks D l'Allemand-Jander metabolic diseases in children than BMI, but BMI was superior to waist circumference in predicting hypertension and clustering of risk factors. Screening for cardiovascular risk factors, as indicated in Table 2 , could be advocated in children with elevated waist circumference, for example, above 80 or 90 cm in 11-year-old girls or boys, respectively, and even in those with still normal BMI. 49 Routine measurement of insulin was not recommended by European pediatric endocrinologists for lack of a standardized method and oral glucose tolerance test is indicated in children above 10 years of age with characteristic signs or positive history of type 2 or gestational diabetes in relatives.
Conclusions
Metabolic risk factors are found in more than half of the overweight children, most frequently arterial hypertension, insulin resistance, dyslipidemia and liver disease, and were mostly related to waist circumference, BMI and fat mass. Decreased physical fitness and insufficient food quality lead to further negative effects and have to be addressed in the therapeutic setting. 54 The increased occurrence of psychiatric disorders may detrimentally influence health-related lifestyle and obesity therapy. Adulthood diseases, with morphological damage, appear in European overweight children before puberty and require specific diagnostic strategies to plan targeted and efficacious therapeutic interventions. The validity of cost-effective parameters to assess liver disease (NASH), cardiovascular risk factors and diabetes has to be further studied. As the end points of obesity-related co-morbidities will occur only in adults, appropriate predictors of outcomes after interventions have to be defined. Clinical diagnosis of metabolic and cardiovascular risks D l'Allemand-Jander
